INTRODUCTION
Allergic diseases have become a major worldwide public health problem and significantly burden the health care system [1] . The most significant allergic diseases in children are asthma and allergic rhinitis (AR). Because of similarities in anatomy, physiology, and pathophysiology between these two diseases, they are usually considered to be the cause of comorbidity in children [2] . AR has been identified as a risk factor for the development of asthma and the trigger for exacerbations in children with asthma [3] . For a long time, these two diseases have been considered to be two different entities. Recent studies suggest using the term terms "united respiratory diseases", unifying rhinitis and asthma as a single respiratory disease in children [4, 5] .
The incidence of comorbidity of asthma and AR was one of the reasons to change the guidelines for the treatment of asthma and AR [6, 7] . The World Health Organization (WHO) and Allergic Rhinitis and its Impact on Asthma (ARIA) group proposed a new diagnostic and therapeutic concept -"one airway, one disease" [8] . Furthermore, the presence of AR in children with asthma contributes significantly to low control of asthma; also, the treatment of AR in children with asthma has positive effects in terms of reducing the severity of asthma symptoms [9] . Therefore, WHO recommends that adequate diagnostic tests for children with asthma should be made in order to detect AR, and combined therapeutic approach should eventually be used [7] .
The aim of this study was to determine the prevalence of allergic diseases among children in the Republic of Srpska, as well as to determine whether AR and eczema are more common in children with asthma.
METHODS
Our study was conducted as a cross-sectional study and included 3,000 children aged six to 15 years from 13 primary schools in the Republic of Srpska. Criteria for children's exclusion from the study were the age of the child under six years and above 15 years, the diagnosis of chronic respiratory disease (bronchopulmonary dysplasia, bronchiectasis, primary ciliary dyskinesia or doi: 10.2298/SARH151217001D Domuz S. et al. cystic fibrosis). The study included children whose parents signed an informed consent for this study. The permissions for visiting the schools were obtained from the Ministry of Education and Culture of the Republic of Srpska and from principals of involved primary schools before the start of the study. The envelopes with written questionnaires were distributed to schools in June 2014 in Banja Luka, Trebinje, Gacko, and Bileća. In Bijeljina, Pale, and Han Pijesak, the questionnaire was distributed in October 2014. We again visited all the participating schools after four weeks, after they collected envelopes with filled out questionnaires.
In the study we used a questionnaire of the International Study of Asthma and Allergies in Childhood (ISAAC). These questionnaires are designed for multi-center studies concerning prevalence of asthma, AR, and eczema in children. In our study, all the questionnaires were completed by parents/guardians of the schoolchildren involved since the envelopes contained both the questionnaire and an informed consent form -parents/guardians also provided written consent to participate in the study for their child.
We organized lectures for teachers about the topic of the research and allergic diseases in children at the beginning of the study process. During the lectures, teachers were able to ask all the questions about any doubts and uncertainties related to the research or their participation in the study. Each teacher received ten envelopes with the questionnaire and the informed consent form, which they distributed to children who had been randomly enrolled into this study. Documents for parents/guardians contained all the necessary information about the research. At any time during the study, parents were able to ask the main researcher any additional questions either by phone or via email. The main researcher named one person in every included school as the contact person who would collect all the returned envelopes with the completed questionnaires.
The prevalence of asthma is defined by a positive answer to the question about occurrences of wheezing in the previous 12 months according to ISAAC methodology [10] . The prevalence of asthma undiagnosed by a doctor is defined as a difference between positive responses to the question about occurrences of wheezing in the previous 12 months and positive responses to the question, "Has your child ever had asthma?" Children who answered positively to questions concerning speech-limiting wheeze, sleep disturbance, and wheezing frequency in the previous 12 months were grouped as children with moderate to severe asthma, according to Global Initiative for Asthma (GINA) guidelines [11] .
The prevalence of AR is defined as the percentage of positive responses to the question about the presence of the sneezing, runny or blocked nose, accompanied by itchy, watery eyes in the previous 12 months. The presence of eczema in children in the previous 12 months is defined by positive responses to the question about the presence of an itchy rash affecting any of the following places: the folds of the elbows, behind the knees, the front of the ankles, under the buttocks, or around the neck, ears, or eyes.
Children with a positive response to the question, "Have you ever had hay fever or eczema?" were grouped as children with the diagnosis of these diseases given by a doctor.
We calculated the frequencies and percentages for the descriptive data. We used Pearson's χ 2 test for testing the relationships between independent variables and the prevalence of asthma symptoms. The criterion for statistical significance was p < 0.05. All statistical analyses were performed using the statistical software package IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the
RESULTS
The final data processing included 1,975 correctly completed questionnaires.
Of all the children included in the study, 47.3% were boys, and 52.7% were girls. The average age of the children was 10.2 years (SD = 2.4). The prevalence of asthma in our study was 7.9%, of AR 12.7%, and of eczema 5%. Sixtynine children (3.5%) had been diagnosed with asthma, 379 (19.2%) with AR, and 286 (14.5%) with eczema.
Children who had symptoms which are specific to one of the allergic diseases had not always been diagnosed with the diseases. Children with symptoms characteristic for AR (81.8%) and eczema (60.6%) had an appropriate diagnosis established more often than the children with asthma symptoms (29.9%). Children with mild asthma (one to three episodes of wheezing, with wheezing not affecting a child's sleep) ( Table 1 ) had a significantly lower prevalence of asthma diagnosis.
The children included in the study usually had symptoms characteristic for one of the investigated allergic diseases. We found that AR was a comorbidity together with asthma in 3.6% of the children, and with eczema in 2% of the children. Twenty-six children had asthma and eczema (1.3%), and 17 children had persistent symptoms of all three allergic diseases (0.9%).
Children with asthma had significantly higher incidence of other allergic diseases compared to the general population, especially children with severe asthma (> 12 attacks of wheezing in the previous 12 mounts, speech-limiting wheeze, and > 1 sleep disturbance due to wheezing) ( Table  2 ). The prevalence of the AR was significantly higher in children with exercised-induced asthma (51.3%) compared to the general population (12.7%) ( Table 3) .
DISCUSSION
The intention of the authors was to include in our study as many children as possible, from different towns in the Republic of Srpska. Hence, our study covered the Repub-lic's entire territory, and to our knowledge it is the first study of its kind conducted in it. The prevalence of the allergic diseases (eczema, asthma, and AR) among children in our study was 5%, 7.9%, and 12.7%, respectively. These results are consistent with the results of studies in countries of the region [12, 13, 14] . In our study, children with asthma had significantly higher prevalence of AR and eczema, especially those with severe asthma symptoms, compared to the general population. Children with exercised-induced asthma have a significantly higher incidence of AR and eczema. Other epidemiological studies showed the same results [15, 16] . Ballardini et al. [1] found in their study that asthma was associated with AR and/or eczema in 67% of children. Children with asthma in Italy had a significantly higher incidence of AR (70.6%) compared to children without asthma symptoms (13%) [17] . A French study showed that a large percentage of children with asthma had symptoms of AR (58.7%) [18] . AR in these children was more common if asthma symptoms were more severe [18] . Studies suggest that AR in children with asthma statistically significantly affect asthma-related visits to hospital and the level of asthma control [19, 20] .
Consequently, timely diagnosis of rhinitis in children with asthma is important in order to adequately treat them and to achieve better asthma control [15] . Available studies suggest that incidence of other allergic diseases was significantly higher in children with asthma compared to children with eczema or AR [1] .
Prevalence of asthma diagnosis (3.49%) was significantly lower than prevalence of symptoms (7.9%), while prevalence of AR and eczema diagnosis (19.2% and 14.5%, respectively) was significantly higher than prevalence of symptoms (12.7% and 5.0%, respectively). In our study, children with asthma symptoms (29.9%) were at higher risk to be undiagnosed compared to children with AR (81.8%) or eczema symptoms (60.6%). Results of other epidemiological studies also suggest that children with asthmatic symptoms are more often undiagnosed [21, 22, 23] . Our study showed that higher percentage of children with diagnosed asthma had symptoms of severe asthma compared with other studies [21, 24] . A doctor diagnosed asthma in children with more than 12 attacks of wheezing in the previous 12 months, frequent attacks of speechlimiting wheeze, and sleep disturbance due to wheezing. However, children with less than 12 attacks of wheezing during the previous 12 months, without speech-limiting wheeze or sleep disturbance, had a significantly higher risk of being undiagnosed. A study by Brozek et al. [22] showed a higher percentage of children undiagnosed with asthma, classified by questionnaire, and then clinically, as mild asthma according to GINA guidelines [22] . One third of children with asthma were undiagnosed according to a study by Annesi-Maesano et al. [23] . Clinical examination of these children showed that 4% of children have mild asthma and 5.8% have severe asthma. According to a Polish study, prevalence of asthma determined by a questionnaire was 5.4%, while corrected prevalence that included clinically confirmed diagnosis of asthma in children who had been undiagnosed by the questionnaire was 10.8% [22] . These results suggest that asthma is still not adequately diagnosed and controlled in children. By including a large number of children from the entire territory of the Republic of Srpska and different centers we tried to reduce selection bias in a cross-section study. Random errors due to inaccurate definitions of allergic diseases in epidemiological studies cannot be completely avoided. Using international methodologies and the ISAAC questionnaire for the definition of allergic diseases in children, we tried to reduce this error to a minimum. Classification bias in the study could not be avoided as the questionnaires were filled by the parents of children included in the study, and their belief and understanding of the symptoms affected the determination of the prevalence of symptoms of allergic diseases in children.
CONCLUSION
Children with asthma had statistically significant higher prevalence of other allergic diseases compared to general population. Also, children with mild asthma had statistically significant risk to be undiagnosed. Undiagnosed asthma in comorbidity with other allergic diseases leads to poor asthma control in children.
NOTE
The findings of this study will also form a part of a doctoral thesis which has been approved by the Senate of the University of Novi Sad.
